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(57) ABSTRACT

A telecommunication system comprises a radio network con-

troller (RNC), and a Node-B (NB) for enabling wireless
communication with a user terminal (UE). The RNC estab-

lishes an enhanced dedicated transport channel (E-DCH)
which enables uplink data tratfic with a determined maximum
data rate from the user terminal (UE) to the NB. The RNC
further establishes a high speed DL shared channel (HS-

DSCH) which enables downlink data traific with a deter-
mined maximum data rate from the NB to the user terminal.

The NB comprises a HSDPA scheduler (HS-S) scheduling
the data rate for the DL data tratfic via the HS-DSCH and a
EUL scheduler (EUL-S) scheduling the maximum data rate
tor the UL data traflic via the E-DCH. The NB exchanges data
rate mnformation between the HS-S and the EUL-S. Further-
more, the NB monitors the quotient (Q) between DL data rate
and the UL data rate. When Q fulfils determined traffic con-
ditions the HSDPA scheduler (HS-S) and/or the EUL sched-
uler (EUL-S) changes the allocation and/or the priority han-
dling of the UL and/or the DL resources.

15 Claims, 8 Drawing Sheets
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ALLOCATION AND PRIORITY HANDLING
OF UPLINK AND DOWNLINK RESOURCES

TECHNICAL FIELD

The embodiments refer to a method and a telecommunica-
tion system for allocation and priority handling and a Node-B
in the system enabling said method.

BACKGROUND

There 1s an 1increasing need of delivering wireless technol-
ogy with broadband capacity for cellular networks. A good
broadband system must fulfil determined criteria, such as
high data rate and capacity, low cost per bit, good Quality of
Service and greater coverage. High Speed Packet Access
(HSPA) 1s an example of a network access technology that
enables this.

HSPA 1s a collection of protocols which improves the

performance of existing Universal Mobile Telecommunica-
tion Systems (UMTS), which 1s a third generation (3G) cell

phone technology. UMTS uses Wideband Code Division
Multiple Access (WCDMA) as air mterface for the radio-
based communication between user equipment (UE), 1n form
of a mobile terminal, and the Node-B (NB). The air interface
in the Open Systems Interconnection (OSI) model comprises
layers 1 and 2 of the mobile communications system, estab-
lishing a point-to-point link between the UE and a radio
access node (RAN).

WCDMA 15 a wideband spread-spectrum air interface that
utilizes the direct sequence Code Division Multiple Access
(CDMA) signalling method to achieve higher speeds and to
support more users. The key features for WCDMA are:

Two 5 MHz radio channels for Uplink (UL) and Downlink

(DL) channels respectively.
Support of two basic duplex modes, Frequency division
(FDD) and Time division (TDD).

HSPA 1s an integral part of WCDMA. Wide-area mobile
coverage can be provided with HSPA. It does not need any
additional spectrum or carriers. Currently, WCDMA can pro-
vide simultaneous voice and data services to users on the
same carrier. This also applies to HSPA which means that
spectrum can be used efficiently. Simulations show that 1n a
moderately loaded system, HSPA can largely reduce the time
it takes to download and to upload large files.

HSPA 1s the set of technologies defining the migration path
of WCDMA operators worldwide. The two existing features,
High Speed Downlink Packet Access (HSDPA) and High
Speed Uplink Packet Access (HSUPA), 1n the HSPA family
provides the increased performance by using improved
modulation schemes and by refining the protocols by which
handsets and Node-B’s communicate. These improvements

lead to better utilization of the existing radio bandwidth pro-
vided by UMTS.

High Speed Downlink Packet Access (HSDPA) 1s the first
teature within HSPA. It 1s part of the WCDMA Third Gen-
eration Partnership Project (3GPP) Release 5 specification.
HSDPA provides a new downlink transport channel—the

the High Speed Downlink Shared Channel (HS-DSCH)—

that enhances support for high-performance packet data
applications. A new Medium Access Control (MAC)
sublayer, MAC-hs (high speed), has been introduced
which enables a functional split between layers and

nodes from difterent releases of WCDMA. MAC-hs
handles HS-DSCH.
In FIGS. 1 and 2, a HSDPA/HSUPA network overview 1s

indicated. FIG. 1 illustrates a network with only one node of
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cach kind while FIG. 2 1llustrates the same network with more
than one node of each kind. The network comprises a Core
Network (CN) communicating with at least one Radio Net-
work Controller (RNC) 12,12',12" over the Iu interface. At
least one Node-B (NB) 11,11',11" comprises a EUL sched-
uler unit EUL-S. The EUL Scheduler i1s also denoted the
MAC-¢ Scheduler, and communicates with the respective
RINC over respective Iub interfaces. HSUPA will be described
more in detail later. The Node-B also comprises a HSDPA
scheduler HS-S. The HSDPA Scheduler 1s also denoted the
MAC-hs Scheduler, and communicates with the RNC over
the Tub interface.

The following HSDPA channels are transmitter over the air

interface:

HS-SCCH to provide timing and coding information, thus
allowing the UE to listen to the HS-PDSCH at the cor-
rect time and using the correct codes to allow successiul
decoding of UE data.

HS-PDSCH to convey the MAC-hs payload

HS-DPCCH to convey control signalling of the MAC-hs.

HSDPA 1s based on shared channel and multi-code trans-
mission. This means that some channel codes and the trans-
mission power 1n a cell are seen as a common resource that 1s
dynamically shared between users in the time and code
domains. This 1s for a more efficient use of available codes
and power resources 1n WCDMA. It 1s also based on high-
order modulation, in which 16 Quadrature Amplitude Modu-
lation (16QAM) 1s used to provide higher data rates. HSDPA
1s Turther based on fast link adaptation, in which the trans-
mission parameters are adjusted instantaneously to the radio
conditions reported by the User Equipment (UE) and when
conditions permit, enable high-order modulation.

In HSDPA fast scheduling 1s used, which feature operates
with the objective to transmit to UEs with favourable radio
conditions. Another basic principle with HSDPA 1s fast
Hybrid Automatic Repeat Request (HARQ). The UE can
combine mformation from different transmissions of a par-
ticular data packet in 1ts decoding of the packet and will
indicate the status of the decoding to Node-B, which in case
of unsuccessiul decoding retransmits the packet.

In HSDPA, the Transmission Time Interval (T'T1) 1s 2 ms,
which reduces the round-trip time (RT'T) for end-user appli-
cations. R1T 1s a measure of the time 1t takes for a packet to
travel from a User Equipment (UE), across a network to e.g.
another users” UE, and back. Transport protocols like TCP,
which expect an acknowledgement to arrive after data has
been successiully recerved, keep an estimate of the current
RTT on each connection. TCP use the RTT estimate to deter-
mine how long to wait for an acknowledgement before
retransmitting.

High Speed Uplink Packet Access (HSUPA) 1s the second
teature within HSPA. It 1s part of the WCDMA Third Gen-
eration Partnership Project (3GPP) Release 6 specification.
HSUPA 1s also called Enhanced Uplink. In HSUPA, a new
MAC sublayer, MAC-e, has been introduced which enables a
functional split between layers and nodes from different
releases of WCDMA. HSUPA provides a new uplink (UL)
transport channel called Enhanced Dedicated CHannel
(E-DCH) which 1s handled by MAC-e. HSUPA 1ncreases the
uplink data rate. This technology gives the possibility to
significantly increase the amount of data uploaded over
mobile networks, especially user-generated content.
Although a majority of the data traific 1s downlink oriented,
there are still quite a number of applications that will benefit
from an improved uplink. These include the sending of large
¢-mail attachments, pictures, video clips, blogs etc. HSUPA 1s
also known as Enhanced UL.
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One concept of Enhanced Uplink 1s multi-code transmis-
s1ion, which means that the E-DCH transport channel can be
transmitted over several channelization codes, to increase the
s1ze of the E-DCH for one UE. Another concept of EUL 1s a
shorter TT1, 2 or 10 ms for the UL. Also HSUPA uses HARQ).
The Node-B can request retransmission of erroneously
received data. Soft handover 1s also possible with HSUPA, in
contrast to HSDPA. HSUPA further also uses fast scheduling
to enable rapid resource reallocation between UEs by exploit-
ing the “burstiness” 1n packet data transmissions.
The following HSUPA channels are transmitted over the
air interface:
The E-AGCH to convey absolute grant signalling from the
MAC-¢ scheduler towards the UEs

The E-RGCH for relative grant signalling

E-HICH to convey acknowledgement feedback from
Node-B decoding of UE transmitted data

Dedicated Physical Channel (DPCH) or Fractional DPCH

to convey Transmit Power Control (TPC) commands

Enhanced DPDCH (E-DPDCH) to convey the MAC-¢ pay-

load

Enhanced DPCCH (E-DPCCH) to convey the control sig-

nalling of the MAC-e¢.

As a basic principle of the uplink scheduling mechanism,
the UE maintains a serving grant which represents the maxi-
mum E-DPDCH power the UE can use 1n the next transmis-
sion. The available uplink power determines the possible data
rate. The absolute grant allows the Node-B scheduler to
directly adjust the granted rate of UEs under 1ts control. It 1s
used to mitialize the serving grant. The relative grants are
used to incrementally adjust the UE’s serving grants. As an
input to the scheduling, UE feedback 1s required. The UE has
the possibility to send scheduling information which provides
detailed information about the buifer status in the UE as well
as scheduling request, 1.e. “lack of resources”/*“enough
resources”’. Thereftore, the Node-B scheduler can make

appropriate scheduling decisions.
HSDPA/HSUPA scheduling 1s provided by the scheduler

entities (MAC-hs and MAC-e schedulers) located in the
Node-B, close to the air interface.

As with any telecommunication technology, end-user per-
formance with HSPA depends on the type of service and the
behavior of higher-layer application protocols. Transmission
Control Protocol (TCP) used for packet data services includes
slow start and mechanisms which influence the performance.
For instance in web-browsing 1t 1s possible that TCP and not
HSPA as air interface that limits the performance. The main
end-user benefit of HSPA for small objects transported via
TCP 1s the reduced RT'T, thanks to fast HARQ and short TTT.
End-to-end latency, whichis e.g. the average time for a packet
from a UE, to a TCP/IP server and back, 1s a critical compo-
nent that affects end-user perception of TCP/IP applications.

In contrast to web-browsing, TCP has very low impact on
the time to download a large file, which means that the per-
formance 1s largely determined by the data rate of the radio
link. A single user downloading a large file can occupy a
significant amount of the total cell capacity. Consequently,
cell capacity has a substantial impact on the perceived per-
formance when end-users download large files.

A wireless customer will typically use a laptop with a
HSDPA and HSUPA(EUL) capable 3GPP pc-card or USB

card or with premstalled HSDPA/EUL 3GPP capabilities.
When the customer starts its web browser the H1'TP protocol
will be used using the TCP/IP (Internet Protocol) protocol
stack.

HTTP 1s a client-server protocol by which two machines
can communicate over a TCP/IP connection. A HI'TP server

10

15

20

25

30

35

40

45

50

55

60

65

4

1s a program that sits listening on a machine’s port for HI'TP
requests. A HTTP client (typically the wireless customer)
opens a TCP/IP connection to the server via a socket, transmut
a request for a document, then waits for a reply from the
server. Once the request-reply sequence 1s completed, the
socket 1s closed.

In order to transmit user data in the uplink direction of
3GPP a Random Access Channel (RACH) channel can be
used, preferably for smaller amount of data. RACH 1s used to
get the attention of a Node-B 1n order to mitially synchronize
the UEs transmission with the Node-B. Either Dedicated
Channels (DCH) or Enhanced Uplink channels (E-DCH) can
be used for larger amount of data. In the downlink direction
Forward Access Channel (FACH) can be used for smaller
amount of data whilst DCH or HS-DSCH can be used for
larger amount of data.

The forward access channel (FACH) 1s used for low vol-
ume data and 1s similar to the broadcast channel and random
access channel of older mobile technologies. Use of the for-
ward access channel (FACH) gives improved cell capacity at
low data rates and thus improves the battery life of the mobile
user terminal due to the lower transmission power that 1s
required. A dedicated channel (DCH) of a cell 1s typically
used for high volume data or voice.

It 1s up to each 3GPP vendor to decide when the switch
between the various candidates for data forwarding shall
occur, but 1t 1s often true that a switch over to E-DCH and
HS-DSCH will occur when traific volume increases over a
specific level. It 1s also fully possible to set up HS-DSCH for
downlink traffic and a DCH for uplink traffic. This 1s exactly
what 1s being done for release 5 of the 3GPP network,
whereas FACH/RACH often 1s the best solution for applica-
tions sending just a small amount of data, e.g. IP ping. It waill

be appreciated by those skilled in the art that a UE being in
HS-DSCH/E-DCH state consumes more power than a UE 1n

FACH/RACH state.

Assume that a wireless HI'TP client requests for a down-
load of a fairly large amount of data from a HT'TP server, a
guess 1s that RACH and FACH will be used for the initial
setup of the TCP/IP duplex connection, and that HS-DSCH
will be used for the bulk data transter and E-DCH will be used
primarily for the TCP acknowledgements in the direction
from the client to the server.

Forthcoming releases of 3GPP will include a function
denoted Continuous Packet Connectivity (CPC) which 1s
mainly intended for the increasing deployment of applica-
tions which send small packets either continuously (e.g.
VoIP) or intermittently (e.g. msn and push email). The CPC 1s
configured by the RNC but can be turned on and off by the
Node-B. It allows the UE to restrict the downlink reception
times. With CPC the UE can increase its battery lifetime by
reducing its power consumption in between such downlink
reception times. With CPC the UE does not necessarily have
to leave the HS-DSCH/E-DCH state in order to preserve
power 1n the case of mactivity, but can remain 1n HS-DSCH/
E-DCH state and be able to respond much faster to incoming
network initiated traffic (e.g. msn). The scheduler entity for
both HS-DSCH and E-DCH 1s located in the Node-B, {from
now on called MAC-hs Scheduler and MAC-e Scheduler.
There are some problems where the absence of specified
interactions between the scheduling entities, which may

alfect end user TCP throughput:

Scenario 1

Scenario 1 addresses situations when HSDPA and EUL are
activated for a specific user 1n Node-B, but where no data 1s
relayed neither 1n downlink or uplink for a specific period of
time.
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For HS-DSCH, the delay measured from the time when
data 1s received from RNC until the same data 1s transmaitted
in a MAC-hs Protocol Data Unit (PDU) 1s 1n most situations
low. At least when there does not exist any conflict with data
to several end users that competes on getting a transmit oppor-
tunity.

PDU carries information that is delivered as a unit among,
peer entities 1n a network and 1t can contain control informa-
tion, address information or data. In a layered system this
means a data unit that 1s specified in a protocol of a given layer
and that consists of protocol-control information of the given
layer and often user data of that layer.

This low delay 1s due to the fact that the scheduler 1s located
together with the HS-DSCH sending entity in Node-B and
only internal signalling 1s required (close to the air interface).
For E-DCH however, 1t will take a little longer time since the
UE must signal up to the Node-B that a transmission 1s
required (or that higher bandwidth 1s requested). Moreover,
the Node-B must signal the (increased) granted transmission
rate to the UE.

FI1G. 3 shows an example where no grant 1s given to the UE.
FIG. 3 illustrates the events that will take place in UE and
Node-B 1n order to “prepare” for transmission from the UE.
Enhanced Uplink (EUL) 1s used when data 1s received from
higher layer at the UE. When data 1s recerved 1 from the RLC
layer, a scheduling request 1s sent 2 to the Node-B as part of
the MAC-e header. The MAC-e scheduler in Node-B recerves
3 the scheduling request and a grant 1s sent 4 to the UE,
signalling the permission to transmit. A rough estimate 1s that
this procedure will take 1n the range between 30-100 ms, for
a configuration with TTI=10 ms.

Let us now consider that a majority of the 3GPP related
internet tratfic from and to the UEs are downlink related,
coming from e¢.g. UE starting web or file downloads when
using web applications such as Internet Explorer. More data
will subsequently flow downlink compared to uplink as seen
from the Node-B point of view.

The dominating internet protocol 1s TCP. When the wire-
less HSDPA/HSUPA capable UE starts downloading a web
page, 1its H1'TP client HTTP-C will request a document from
a HI'TP server HI'TP-S, see FIG. 4. FIG. 4 1illustrates data
direction tlow 1 versus TCP Ack flow 2. TCP uses a network
congestion avoidance algorithm mechanism. Some key fea-
tures are then of interest:

1. Slow start.

TCP uses a slow start, which means that whenever starting
traffic on a new connection or increasing traific after a
period of congestion (overload), 1t starts the congestion
window at a size of a single segment. It then increases
the congestion window size by one segment each time an
acknowledgement arrives. This result in an exponential
increase, see ref 16 in FIG. 5. The congestion window 1s
a state variable for each connection which 1s used by the
sender to limit how much data a sender can transmit into
the network before receiving an acknowledgement.
Congestion window can never go above receiver win-
dow.

2. Congestion avoidance

At a determined threshold, the congestion window waill
stop its slow start and enter a congestion avoidance
behavior 1n which the congestion window increases lin-
car, seerel 17 1n FIG. 5. The threshold 1s at the beginning
set to the receiver window. At packet loss or timeout TCP
decreases 1ts congestion window, but the details are left
out of this document.

Using the key features (1 and 2 above) the data stream from

the HT'TP server down to the HTTP client expects to look as
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in the FIG. 5. At startup or when TCP detects packet losses, or
when a timeout occurs due to long response times, TCP
utilizes its slow start behavior. The purpose of slow start 1s to
prevent congestion from occurring by varying the transmis-
s1on rate. When this occurs the data rate will slowly increase
exponentially, see FIG. 5. During these occasions Node-B
traffic relay volume will be sparse.

The HSDPA and EUL protocols are semi-reliable in the
sense that retransmission can and will occur. However, unlike
protocols such as e.g. TCP, the HSDPA and EUL protocols do
not require that every transmitted PDU are correctly delivered
to the peer-entity. The Node-B and/or UE sending entity can
discard data due to several reasons. One reason 1s that the total
time from {first transmission of a PDU has extended beyond
the determined threshold. Another reason 1s that the current
amount of retransmission for a specific PDU has extended
beyond the determined threshold or a combination thereof.

When a discard occur, the RLC (Radio Link Control) pro-
tocol will detect the missing data at the peer entity and will
perform a re-transmission. Now focusing on the downlink
direction, since 1t was previously said that the dominating
data direction was downlink. Then, where a discard occurs at
the HSDPA protocol when the data throughput 1s low, 1t will
usually take some time until the RLC layer performs a
retransmission. The reason 1s simply due to the fact that RLC
layer which operates 1n acknowledged mode will have a tim-
cout based retransmission in the case of no response. During
these occasions Node-B trailic relay volume will also be
sparse.

Considering the fact that the dominating traffic 1s downlink
related. Moreover, considering the fact that in 3GPP network
packet losses can occur simply due to the wireless nature and
the fact that RLC retransmissions will occur due to e.g. han-
dover when a UE moves from one Node-B to another Node-
B. With these facts many situations can be expected, when
Node-B will percerve time periods with no data flowing nei-
ther in downlink or uplink. It will be appreciated by those
skilled 1n the art that with CPC these periods of time with no
data sent will increase simply because with CPC the UE can
remain longer 1n 1ts HSDPA and EUL state.

With the increasing amount of always-on application such
as msn and push-email and the use of CPC situations can also
be expected where no data i1s relayed neither 1n uplink or
downlink as seen from Node-B, and where data will first
come from the network side downlink to the UE.

There are some problems 1n relation to these periods with
no data transmission situations. Focusing on Node-B, and
upon when E-DCH has been activated, Node-B 1n such a
situation (case A) at that time may have data pending 1n 1ts
builer for downlink transmission, whilst 1t has no request for
an uplink transmission nor has given any grant to the uplink
transmission at the time of mitialization. Alternatively (case
B), no data exist in HS-DSCH transmit buifer and no grant 1s
given to the uplink. At this point 1n time data will often be
received 1in the HS-DSCH butfer. Of course 1t 1s also true that
(case C) E-DCH can be setup with a default transmission of a
grant allowing uplink transmissions.

Cases A and B are problematic, since it 1s in most case true
that a response will be sent from the UE back to e.g. the TCP
sender or the RLC sender confirming the successiul reception
of data. And as shown 1in FIG. 3 this can add an extra delay of

approximately between 30 to 100 ms, for a 10 ms TTI.
Scenario 2
An alternative problem can occur when a level is reached
where the granted uplink resource 1s larger than zero. The
TCP data 1n downlink direction increases or due to a retrans-
mission causes the TCP ACK volume to increase, by which




US 8,634,340 B2

7

the given granted rate i uplink 1s too low. This 1s also an
example where one has to wait 30-100 ms before an increased

uplink data transmission can take place.

Scenario 3

File downloads as described 1n scenario 1 will be charac-
terized with first an increasing throughput up to a level in
which throughput 1s close to 1ts maximum, e.g. either limited
by HTTP server or the wireless media, and finalized with an
end of available data to download from the HT'TP server.
When this occurs 1t 1s possible that the UE 1s given a grant
significantly larger than zero. Unless the UE itself indicate the
absence of data to transmit, the Node-B has to determine the
absence itself and reduce the grant for the UE to allow com-
peting UE’s to utilize the available resource. However, in both
cases 1t 1s common that a too high bandwidth 1s granted for the
UE, since the signalling or Node-B detection will take a
certain time.

Scenario 4

In WCDMA Systems, resources for uplink data decoding
(e.g. E-DPCCH, E-DPDCH) can be limited and typically the
decoding resource allocation time 1s not zero. For this case 1t
can be valuable to prepare the decoding resource allocation in
advance, to save time. Allocation of decoding resources 1n a
Node-B can be anything from close to 0 ms and more than 100
ms, depending on implementation (typically somewhere in
between).

UE and 3GPP support multiple queues to be used, as well
as part ol the Internet protocol suite as well. This allows an UE
to e.g. simultaneously perform a HI'TP server request of a file
download while using Voice over IP (VoIP).

Considering a situation where Node-B receives data to one
UE related to multiple queues, e.g. VolIP and web browsing,
typically the Node-B scheduler will prioritize one queue
more than the other and transmut 1ts data first. Assume further
that the allocated decode resources are suilicient to support
the resulting uplink data from the prioritized queue, but insui-
ficient for the other queues. In this case a request to increase
the decode resources will be performed once the MAC-¢
Scheduler detects the request to increase the uplink through-
put for the said other queues, in which a long resource allo-
cation time can affect the perceived throughput for the end
user.

Scenario 5

In this scenario end users upload data to the internet. Con-
sider the case when the UE might want to transmit a large file
in uplink. With E-DCH the maximum rate 1s currently 5.74
Mbps (transport block rate). With 16 QAM and often Mul-
tiple Input Multiple Output (MIMO) this can increase further.

It 1s often that an increased uplink throughput will cause an
increased TCP feedback signalling on HS-DSCH. It 1s also
possible that the said corresponding TCP feedback bit rate 1s
low compared to downlink traific for other UE’s that e.g.
download web pages. Since the said corresponding TCP feed-
back throughput 1s low, 1t 1s not possible that the transmit
priority for the said TCP feedback will affect the perceived
throughput for the other UE’s. That 1s, the end to end latency
will not increase significantly since the

TCP teedback bit rate

1s low. It 1s however possible that the transmuit priority for the
said TCP feedback will affect the perceived throughput for
the UE that upload data. That 1s, the end to end latency can
increase when the TCP feedback 1s delayed due to transmis-

sion of MAC-hs data to other UE’s.

SUMMARY

The object of the present invention 1s to solve the problems
relating to above-mentioned scenarios by a method, a tele-
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communication system and a Node-B for allocation and pri-
ority handling of uplink and downlink resources.

According to a first embodiment the present invention pro-
vides a method for allocation and priority handling of uplink
(UL) and downlink (DL) resources 1n a telecommunication
system comprising at least one radio network controller
(RNC), and at least one Node-B (NB) for enabling wireless
communication with at least one user terminal (UE) (15). The
RINC establishes at least one enhanced dedicated transport
channel (E- DCH) This enables uplink data traflic with a
determined maximum data rate from the user terminal (UE)
to the Node-B (NB). The RNC (12,12',12") further estab-
lishes at least a one high speed DL shared channel (HS-
DSCH). This enables downlink data traific with a determined
maximum data rate from the Node-B (NB) to the user termi-
nal (UE). The Node-B (NB) comprises a HSDPA scheduler
(HS-S) scheduling the data rate for the DL data traflic via the
HS-DSCH. It further comprises a EUL scheduler (EUL-S)

scheduling the maximum data rate for the UL data traffic via
the E-DCH.

In the first embodiment, the Node-B (NB) exchanges data
rate information between the HSDPA scheduler (HS-S) and
the EUL scheduler (EUL-S). Furthermore, the Node-B (NB)
monitors the quotient ((Q) between DL data rate and the UL
data rate. Finally, wherein when Q fulfils determined traffic
conditions, the HSDPA scheduler (HS-S) and/or the EUL
scheduler (EUL-S) changes the allocation and/or the priority
handling of the UL and/or the DL resources.

According to a second embodiment the present invention
provides a Node-B which comprises a mechanism for alloca-
tion and priority handling of uplink (UL) and downlink (DL)
resources 1n a telecommunication system. The system com-
prises at least one radio network controller (RNC), and at
leastthe Node-B (NB), which further comprises a mechanism
for enabling wireless communication with at least one user
terminal (UE). The RNC comprises a mechanism for estab-
lishing at least one enhanced dedicated transport channel
(E-DCH). This enables uplink data tratfic with a determined
maximum data rate from the user terminal (UE) to the
Node-B (NB). The RNC (12,12',12") further comprises a
mechanism for establishing at least one high speed DL shared
channel (HS-DSCH). This enables downlink data tratfic with
a determined maximum data rate from the Node-B (NB) to
the user terminal (UE). The Node-B (NB) comprises a
HSDPA scheduler (HS-S) which comprises a mechanism for
scheduling the data rate for the DL data traflic via the HS-
DSCH. It further comprises a EUL scheduler (EUL-S) which
comprises a mechamsm for scheduling the maximum data
rate for the UL data tratfic via the E-DCH.

In the second embodiment, the Node-B (NB) comprises a
mechanism for exchanging data rate information between the
HSDPA scheduler (HS-S) and the EUL scheduler (EUL-S).
Furthermore, the Node-B (NB) comprises a mechanism for
monitoring the quotient (Q) between DL data rate and the UL
data rate. Finally, the HSDPA scheduler (HS-S) and/or the
EUL scheduler (EUL-S) further comprise a mechanism for
changing the allocation and/or the priority handling of the UL
and/or the DL resources. The change 1s performed when ()
tulfils determined traific conditions.

According to a third embodiment, the present invention
finally provides a telecommunication system comprising a
mechanism for allocation and priority handling of uplink
(UL) and downlink (DL) resources in the system. The tele-
communication system comprises at least one radio network
controller (RNC), and at least one Node-B (NB) which com-
prises a mechanism for enabling wireless communication
with at least one user terminal (UE). The RNC comprises a
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mechanism for establishing at least one enhanced dedicated
transport channel (E-DCH). This enables uplink data tratffic
with a determined maximum data rate from the user terminal

(UE) to the Node-B (NB). The RNC (12,12',12") tfurther
comprises a mechanism for establishing at least one high
speed DL shared channel (HS-DSCH). This enables down-
link data traffic with a determined maximum data rate from
the Node-B (NB) to the user terminal (UE). The Node-B (NB)
comprises a HSDPA scheduler (HS-S) which comprises a
mechanism for scheduling the data rate for the DL data traific
via the HS-DSCH. It further comprises a EUL scheduler
(EUL-S) which comprises a mechanism for scheduling the
maximum data rate for the UL data traific via the E-DCH.

In the third embodiment, the Node-B (NB) in the telecom-
munication system comprises a mechanism for exchanging,
data rate information between the HSDPA scheduler (HS-S)
and the EUL scheduler (EUL-S). Furthermore, the Node-B
(NB) comprises a mechamism for monitoring the quotient (Q)
between DL data rate and the UL data rate. Finally, the
HSDPA scheduler (HS-S)and/or the EUL scheduler (EUL-S)
turther comprise a mechanism for changing the allocation
and/or the priority handling of the UL and/or the DL
resources. The change 1s performed when Q fulfils deter-
mined traffic conditions.

The main advantage with the present invention 1s that with
the use of the nvention the TCP round trip time can be
mimmized resulting in a faster downloads. This 1s true based
on the fact that the Node-B will try to predict when an uplink
resource 1s needed and pre-allocate the resource 1n advance.
The TCP round trip time can also be kept low at uploads.
Further advantages will be described in the detailed descrip-
tion. Furthermore, network initiated traffic including RNC
signalling traific, and any network initiated tratfic (push mail,
msn etc) will have shorter start-up delays.

BRIEF DESCRIPTION OF DRAWINGS

In the following text the invention will be described in
detail with reference to the attached drawings. These draw-
ings are used for illustration only and do not 1n any way limait
the scope of the invention:

FIG. 1 shows a HSUPA/HSDPA network overview.

FI1G. 2 shows a HSUPA/HSDPA network overview accord-
ing to FIG. 1 with more than one node of each kind.

FIG. 3 shows the events that will take place in the user
terminal and the Node-B 1n order to prepare for UL transmis-
S101S.

FIG. 4 shows the data direction tlow vs. TCP Ack flow
between an HT'TP server and a HI'TP Client.

FIG. § shows the TCP slow start and congestion mecha-
nism.

FIG. 6 shows the steps taken by the Node-B 1n order to
pre-allocate uplink resources based on a sudden increase of
DL data traffic.

FIG. 7 shows a flow chart for the allocation and priority
handling according to certain embodiments within the mven-
tion.

FIG. 8 shows the interaction between the Node-B and the
user terminal.

DETAILED DESCRIPTION

The mnvention will now be described 1n detail with refer-
ence to embodiments described in the detailed description
and shown 1n the drawings.

The embodiments of the present mvention refer to a
method, a Node B for allocation and priority handling. The
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system and the Node-B 1n the system comprise mechanisms
for performing the method steps as described 1n the method.
It should therefore be understood by a person skilled in the art
that the fact the system and the Node-B performs the method
step means that the method embodiment described 1n the
detailed description also includes the system and the Node-B
even though not described in detail herein.

FIGS. 1 and 2 shows a HSUPA/HSDPA network overview.
FIG. 1 1llustrates a network with only one node of each kind
while FIG. 2 1llustrates the option that the same network has
more than one node of each kind. A user terminal (UE) 15
communicates with the core network (CN) via at least one
Node-B (NB) 11,11',11". At least one radio network control-
ler (RNC) 12,12',12" establishes a E-DCH and a HS-DSCH,
which enables uplink and downlink data traific between the
user terminal and the Node-B.

Note that the descriptive text below describes tratfic to and
from, the user terminal (UE) 15. However, 1t will be appreci-
ated by those skilled 1n the art that the traific to and from one
user terminal can be from one or multiple queues (e.g. mul-
tiples MAC-d flows).

The present invention relates to a method for allocation and
priority handling of uplink (UL) and downlink (DL) 1n a
telecommunication system. The system comprises, see FIG.
1, a least one radio network controller (RNC) 12,12',12", and
at least one Node-B (NB) 11,11'.11" for enabling wireless
communication with at least one user terminal (UE) 15.

The RNC 12,12',12" 1n the system establishes at least one
enhanced dedicated transport channel (E-DCH), which
enables uplink data tratfic with a determined maximum data
rate from the user terminal (UE) 15 to the Node-B (NB)
11,11, 11".

The RNC 12,12',12" also establishes at least one high
speed DL shared channel (HS-DSCH), which enables down-

link data tratfic with a determined maximum data rate trom

the Node-B (NB) 11,11'.11" to the user terminal (UE) 15.
The Node-B (NB) 11,11',11" comprises a HSDPA sched-
uler (HS-S) scheduling the data rate for the DL data tratfic via

the HS-DSCH. The HSDPA scheduler before every new 2 ms
Transmit Time Interval (TTI) (there are only 2 ms TT1I 1n

HSDPA while in EUL both 2 and 10 ms TTI are present)
controls to which user terminals DL data 1s queued 1n the
Node-B. Thereatter, the scheduler decides which part or ele-
ment that should receive data first. At first, the scheduler for
instance signals via the HS-SCCH channel, see FIG. 1, for
which part or element the data 1s intended. Then the data
traffic 1s sent on the HS-PDSCH channel. This 1s performed
betore every new TT1. Consequently, the HSDPA scheduler
actively controls the data rate for every new TT1.

In contrast, a EUL scheduler (EUL-S) schedules the maxi-
mum data rate for the UL data traffic via the E-DCH. In
practice, the data rate 1s scheduled by a power rate for the
uplink transmissions. The EUL-S 1s part of the Node-B
11,11',11". This means that 1t 1s close to the air interface, for
instance WCDMA 1n HSUPA. It operates on a request-grant
principle. The user terminal (UE) 15 requests a permission to
send data and the scheduler decides when and how much data
a user terminal 1s allowed to send (maximum data rate), and
also how many user terminals that will be allowed to do so.
The EUL-S triggers E-AGCH/RGCH grant transmissions to
the user terminal, but the decoding and the actual transmis-

sion of E-AGCH/RGCH is handled within the Node-B.

The EUL-S and the HS-S are located in the Node-B 11,11",
11" (NB) 1n order to move processing closer to the air inter-
face and to be able to react faster on the radio link situation. A
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particular task of the schedulers is to control the uplink and
the downlink decoding and encoding resources, which the
user terminal 13 1s using.

The scheduling enables the system to admit a larger num-
ber of high-data rate users, and rapidly adapt to interference
variations in the cell. This leads to an increase both 1n capacity
and the likelihood that a user will experience high data rates.
It also enables the system to control that the cell interference
are not so high that 1t causes disturbances 1n the cell. The
details of scheduling will not be described further in this
document since 1t 1s known from existing solutions and not
part of the invention.

There are some problems with the absence of specified
interactions between the HSDPA scheduler (HS-S) and the
EUL scheduler (EUL-S), which sometimes affects end user
TCP throughput. This was illustrated by five different sce-
narios. What 1s common for all these scenarios 1s that the UL
grant needs to be changed due to a sudden change 1n the data
traffic.

In order to solve these problems the invention is character-
1zed 1n that the Node-B (NB) exchanges data rate information
between the HSDPA scheduler (HS-S) and the EUL sched-
uler (EUL-S). The Node-B further monitors the quotient (Q)
between DL data rate and the UL data rate. Finally, wherein
when Q fulfils determined traific conditions the HSDPA
scheduler (HS-S) and/or the EUL scheduler (EUL-S) changes

the allocation and/or the priority handling of the UL and/or
the DL resources.

The data rate information 1s exchanged in every Transmit

Time Interval (TTI). This means that the HSDPA scheduler
sends the data rate information to the EUL scheduler and the
EUL scheduler sends the data rate information to the HSDPA

scheduler continuously, which 1s e.g. 1n every TTI. A person
skilled 1n the art will appreciate that T'T1 sometimes differ

between the EUL scheduler and the HSDPA scheduler.

The 1dea 1s consequently to let the Node-B (BS)11,11',11"
exchange data rate information between the schedulers and
monitor the quotient Q. Dependent on averaging length when
calculating the Q and utilising different thresholds when
comparing the (Q with previous values of Q, 1t 1s possible to

distinguish between the various conditions, e.g. the problem
scenar10s described. This results i the change of the alloca-
tion and/or the priority handling of the UL and/or the DL
resources. Moreover, by mterchanging information between
the HSDPA scheduler and the EUL scheduler the negative
elfects upon percerved user throughput can be mitigated.

When calculating the downlink data rate, various alterna-

tives exists. What 1s common for all these alternatives 1s that
it 1s calculated by using Medium Access Control High Speed
(MAC-hs) data or Forward Access Channel (FACH) data. The
alternatives for calculation of DL data rate are:

1. Acknowledged MAC-hs (from user terminal ACK’ed
MAC-hs) throughput can be used.

2. Pending MAC-hs transmissions can be considered by
estimating the corresponding kbps value. This can be
used when fast reaction time 1s needed.

3. Total MAC-hs transmission rate (including MAC-hs
retransmissions).

4. For 1, 2, 3 above one can also consider the SID value 1n
the MAC-hs header

5. Whenno MAC-hs 1s set up for the user terminal (UE) 15,
the rate sent on FACH can be used.

6. For 1, 2, 3, 4 above excluding/including MAC-d flows
which represent RNC signalling traffic, e.g. RRC sig-
nalling.
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The DL data rate information exchanged from the HSDPA
scheduler (HS-S) to the EUL scheduler (EUL-S) can be one
or more of the alternatives 1-6 listed above.

Also, when calculating the uplink data rate, various alter-
natives exists. What 1s common for all these alternatives 1s
that the UL data rate 1s calculated by using Medium Access
Control Enhanced (MAC-¢) data, a grant that has been given
to the user terminal (UE) 15, considering the amount of
pending data 1in the UE via Scheduling information (SI) in
E-DPDCH or Dedicated Channel (DCH) data. The alterna-
tives for calculation of UL data rate are:

1. Acknowledged (ACK’ed by Node-B) MAC-es rate.

2. Acknowledged (ACK’ed by Node-B) MAC-¢ rate.

3. Total received MAC-e rate (unacked plus acked data)

4. The grant that has been given to the user terminal (UE)

15.

5. Considering the amount of pending data in the UE via
Scheduling indication (SI) in E-DPDCH (the SI field
represents the amount of pending data 1n the UE).

. Total recerved DCH rate.

.For1, 2,3, 4,5 above excluding/including MAC-d tlows
which represents RNC signalling traffic, e.g. RRC sig-
nalling.

The UL data rate information exchanged from the EUL
scheduler (EUL-S) to the HSDPA scheduler (HS-S) can be
one or more of the alternatives 1-7 listed above.

Both the UL and the DL data rate calculation 1s performed
by the Node-B 11,11',11". It can be performed by the HSDPA
scheduler (HS-S) and/or the EUL scheduler (EUL-S) 1n the
Node-B, which means that the calculation can be performed
cither by the HSDPA scheduler or the EUL scheduler or by
both simultaneously. This 1s possible since the UL and DL
data rate information 1s continuously exchanged between the
schedulers, e.g. 1n every TTI. Both schedulers are therefore
able to calculate one or both of the data rates.

The monitoring of (Q) 1s performed by the Node-B (NB)
11,11'.11". The monitoring of the quotient ((Q) can be per-
tformed by the HSDPA scheduler and/or the EUL scheduler
(EUL-S) 1n the Node-B (NB), which means that the monitor-
ing can be performed either by the HSDPA scheduler or the
EUL scheduler or by both simultaneously. This 1s possible
since the UL and DL data rate can be calculated by the
HSDPA scheduler and/or the EUL-scheduler.

The determined conditions fulfilled by Q (for performing,
changes 1n the allocation and/or the priority handling of the
UL and the DL resources) relates to a comparison between ()
and a quotient Qold, Qold being a previous calculation of Q.
This enables the detection of changed conditions 1n the sys-
tem.

The calculated and monitored quotient (Q can be based on
DL and/or UL transmitted data. It should however be under-
stood by the person skilled in the art that 1t can be based on
data pending in the Node-B (NB) 11,11',11" or UE 135.

The allocation and priority handling 1s illustrated in FIG. 6,
which illustrates the steps taken in the Node-B (NB) 11,11",
11" 1n order to pre-allocate UL decoding resources based on
a sudden change of DL transmitted data. In step 1, data 1s
received DL by the Node-B. This data 1s transmitted 2 DL to
the user terminal 15 on the HS-DSCH channel. The quotient
Q 1s further monitored 3 by the HSDPA scheduler and/or the
EUL scheduler by calculating Q and compare 1t with an
carlier calculated Q.

As described earlier the UL and DL data rate information 1s
continuously exchanged between the schedulers, ine.g. every
TTI, and both schedulers are theretore able to calculate one or
both of the rates and consequently both schedulers can moni-
tor Q. When Q fulfils determined conditions the change of the

~1 N
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allocation and priority handling according to the present
invention 1s performed. This change corresponds to the
HSDPA scheduler (HS-S) sending 4 an internal request to the
EUL scheduler (EUL-S) to imitiate the E

EUL scheduler allow-
ance of changed maximum data rate for the UL data tratfic via

the E-DCH. Then a grant 1s sent 5 via the AGCH channel to

the terminal.
When the pre-allocation 1s based on pending data, the
monitoring of Q 3 and the sending 4 of an 1nternal request 1s

performed before the data 1s transmitted 2 DL to the user
terminal 15 on the HS-DSCH channel.

Three embodiments will now be presented to 1llustrate the
change of the allocation and priority handling of the UL
resources according to the present invention. In these three
embodiments, the system information exchange corresponds
to the HSDPA scheduler (HS-S) sending an internal request to
the EUL scheduler (EUL-S) to mitiate the EUL scheduler

allowance of changed maximum data rate for the UL data

traific via the E-DCH. The internal request can be a signal

from the HSDPA scheduler (HS-S) to the EUL scheduler
(EUL-S), where the EUL scheduler 1s responsible for the
scheduling of the EUL. The HSDPA scheduler 1s responsible
tor the calculation of Q. The meaning of the request should be
understood as an mquiry for UL resources. The HSDPA
scheduler 1s not aware of the present scheduling of the UL.

The skialled person will realize that QQ can be calculated 1n
either HSDPA scheduler HS-S and/or the EUL scheduler
EUL-S.

In one of these three embodiments, Qold indicates that no
data traflic 1s tloating neither 1n the HS-DSCH or the E-DCH.
Q then indicates that DL data traific 1s starting to flow 1n the
HS-DSCH. In such a situation, the HSDPA scheduler (HS-S)
sends an internal request to the EUL scheduler (EUL-S) to
initiate the EUL scheduler allowance of UL data traific via the
E-DCH.

The fact 1s that a majority of the 3GPP related internet
traffic from and to the UEs are downlink related, comlng from
¢.g. UE starting web or file downloads, when using web
applications such as Internet Explorer. With TCP as the domi-
nating internet protocol, 1t 1s possible that a scenario as
described above will result in that a response will be sent from
the UE back to e.g. the TCP sender or the RLC sender to
confirm the successiul reception of data at the UE.

When now the Grant will take effect prior to that TCP sends
an ACK, the user terminal (UE) 15 does not have to go
through the steps 1n FIG. 3 and the effect will be a decrease of
30 to 100 ms 1n round trip time delay.

In general 1t can be said that the quotient QQ can indicate
when HS-DSCH starts to transmit data for a user terminal (or
schedule a pending HS-DSCH transmission for a user termi-
nal). This information 1s sent from the HSDPA scheduler to
the EUL scheduler, so that the priority for this user terminal
can be increased. That means the priority concerning the
scheduled granted payload 1s increased, e¢.g. up to the payload
needed for TCP ACK/NACK’s or in general. This 1n order to
maintain the grant, while the HS-DSCH 1s transmitting. Note
that different user terminals treated within one EUL scheduler
continuously compete for available resources.

It will be appreciated for those skilled 1n the art that (Q can
be momitored at E-DCH 1nitialization to determine whether
HS-DSCH 1s ongoing and that can for example cause a grant
to be sent. It will also be appreciated by those skilled 1n the art
that previous embodiments will be beneficial for RNC-gen-
erated signalling to and from the UE. The pre-generation of a
grant will shorten the delay for the UE to send a response back

to the RNC.
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In a second of these three embodiments, when the quotient
Q divided by Qold 1s larger than a first threshold value, this

indicates that DL data traffic 1s increasing. The HSDPA

scheduler (HS-S) then sends an internal request to the EUL
scheduler (EUL-S) to initiate the .

FEUL scheduler allowance of

increased maximum data rate for the UL data traffic via the
E-DCH. This second embodiment illustrates a solution to the
2% scenario, in which the available TCP ACK bandwidth was
larger than zero. However, it was not large enough to avoid
that the UL data tratfic capacity for the user terminal (UE) 15
becomes restricted, and the UE will therefore request for
more bandwidth.

Note that 1t 1s very often not feasible for the Node-B (NB)
11,11'.11" to have control over the amount of TCP segments
that 1s sent, since 1t would require a cross layer solution. It 1s
thus not possible to distinguish whether the MAC-hs PDU
comprised one or two or more TCP segments.

However, 1t 1s most likely that when the amount of down-
link data increases, it 1s also most likely that the uplink
resources will increase due to increased TCP ACK transmis-
sions. The latter can easily be understood considering the
widespread use of Windows XP TCP protocol stack. The
reason 1s its implemented support of delayed ACK, wherein in
a stream of full-sized TCP segments there should be an ACK
for at least every TCP segments.

In the last of these three embodiments, when the quotient
divided by Qold 1s lower than a second threshold value 1t
indicates that DL data traffic 1s decreasing. The HSDPA
scheduler (HS-S) then sends an internal request to the EUL
scheduler (EUL-S). This 1s to mitiate the EUL scheduler
allowance of decreased maximum data rate for the UL data
traffic via the E-DCH and/or allowance of lower priority
within the EUL scheduler for the user terminal (UE) 15.

Allowing decreased UL transmission rate for the user ter-
minal (UE) 15 means that the EUL scheduler provides more
power headroom for other user terminals. Allowance of lower
priority for the user terminal (UE) 15 gives the possibility for
other user terminals with higher priority to exchange grant
with the user terminal having reduced grant, when needed.
One alternative solution within the third example 1s to not
lower the grant, until it has been verified 1n the UL E-DCH
decoding part that the user terminal 15 actually has started to
transmit less data. Alternately, the user terminal (U E) 15
transmit buifer 1s suiliciently low (when this 1s known via SI
signalling).

These three embodiments illustrate the fact that the EUL
scheduler (EUL-S) allowance of changed maximum data rate
for the UL data traflic via the E-DCH 1s performed by pre-
allocating UL resources. With pre-allocation of UL
resources, the steps of allocating HW and/or SW decoding
resources 1s mncluded. Moreover, increasing the EUL sched-
uler (EUL-S) allowance of changed maximum data rate for
the UL traffic via the E-DCH by sending an absolute Grant or
relative Grant.

According to one embodiment, when Q 1s based on data
pending 1n the Node-B (NB) 11,11',11", the HSDPA sched-

uler (HS-S) informs the EUL scheduler (EUL-S) about which
priority queues that contains data and how much, based on
which information the EUL scheduler can pre-allocate UL
decoding resources.

Alternatively, when Q 1s based on data pending in the
Node-B (NB) 11,11'.11", the EUL scheduler (EUL-S) con-
trols which priority queues that contains data and how much,
based on which mformation the EUL scheduler can pre-
allocate UL decoding resources.

This embodiment 1llustrates when there are HS-DSCH
data (data for DL) butifered on several priority queues. In this
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situation, all of the data can not be transmitted at once. The
reason for 1s that there can only be transmission to a few user
terminals at each time instant (limited by number of HS-
SCCH channels per cell). Since Q 1s based on pending data
transmissions, the HSDPA scheduler shall inform EUL
scheduler about which priority queues that contains data and
how much. Based on this the EUL scheduler can pre-allocate
UL decoding resources, 1.e. estimate future decoding
resource needs.

This situation, with pending data, occurs when there 1s a lot
of DL traffic to several user terminals. In such a situation, a lot
of data 1s buffered in the Node-B (NB) 11,11'.11". The
HSDPA scheduler then works hard to serve all the priorities of
the different terminals. Since there 1s a lot of butiered data, )
can be monitored on “coming DL traific” (the buiiered data).
Q will consequently show that the DL rate will increase, and
that the UL decoding resources 1s too small. Note that the
changing of the UL grant has to be coordinated with the
decoding resources, since it 1s not certain that the UL decod-
Ing resources can cope with an increased grant.

Two embodiments will now be presented to illustrate the
change of the priority handling of the DL resources according
to the present imvention. These illustrate the fact that the
HSDPA scheduler (HS-S) changes the priority for the DL
queue to the user terminal (UE) 15 1n dependency on the UL
data rate. As described, the determined traffic conditions ful-
filled by Q relates to a comparing between Q and a quotient
Qold, Qold being a previous calculation of Q.

According to one of these two embodiments, when the
quotient QQ divided by Qold 1s lower than a third threshold
value, 1t indicates that UL data traffic rate or the grant 1s
increased. This can be an indication upon scenario 5
described earlier. The HSDPA scheduler (HS-S) then
increases the priority for the corresponding DL queue for the
user terminal (UE) 15. By this, the HSDPA scheduler can
increase the priorization of e.g. expected TCP ACK/NACK 1n
downlink, as a consequence to the increased uplink transmis-
s1on rate. By increasing the priority for a specific queue for a
particular UE the probability increases that the allocation of
DL decoding resources will be executed.

According to the last of these two embodiments, when the
quotient (Q divided by Qold 1s lower than a fourth threshold
value 1t indicates that data traflic rate or the grant for the user
terminal (UE) 15 1s reduced. The HSDPA scheduler (HS-S)
then lowers or removes priority within the HSDPA Scheduler
for the DL queue for the user terminal (UE) 15. By this, the
HSDPA scheduler can lower or remove priorization of
expected TCP ACK/NACK 1n DL.

FIG. 7 shows a flow chart where most of the embodiments
are executed. As default the HSDPA scheduler continuously
sends data rate information to the EUL scheduler and the EUL
scheduler continuously sends data rate information to the
HSDPA scheduler in every TT1I. This 1s how 1t 1s executed, by
different steps:

Start.

1. A detection 1s made whether data 1s sent either downlink
on HSDPA or uplink on EUL for UE=UEX (a user ter-
minal (UE) 15). When the outcome of the detection 1n
YES, go to step 2. When the outcome 1s NO, the detec-
tion 1s restarted (step START).

2. The Node-B (NB) 11,11',11" calculates the quotient (Q)

as average data rate DL/average data rate UL for current
UEX.

3. A check 1s made whether QQ indicate that data has been
sent (or 1s pending for downlink transmission) after a
period of time when no data has been sent. This can for
example be done by comparing previous value of O
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(Qold) with new value of Q. When the outcome of the
check 1s YES, go to step 4. When the outcome 1s NO, go
to step J.

4. An mternal request s sent to EUL scheduler. EUL sched-
uler orders a transmission of an AGCH on downlink
allowing an increased data rate from UEX. An increase 1s
also sent to increase the available uplink decode
resources for UEX. Alternatively the increase 1s made
prior to sending AGCH or simultaneously.

5. A further check 1s made whether Q) 1s larger than the first
threshold (threshold a). The first threshold can e.g. be set
to reflect when the Channel Quality Indicator sent uplink
in HSDPA 1ndicate that the radio quality has improved
so much that user terminal (UE) 15 1s capable to receive
data sent with a higher modulation rate than earlier, 1.e.
due to the increase channel quality the downlink
throughput increases, This should lead to an increased
need to signal feedback uplink. When the outcome of the
further check 1s YES, go to step 6. When the outcome 1s
NO, go to step 7.

. Similar effects as 1s step 4 will take etlect.

. Similar mvestigation as 1n step 5 1s made. Note here that

a second threshold (threshold_b)1s less than 1, whilst the
first threshold (threshold_a) 1s larger than 1. The same
but reverse discussion as 1n step 5 can be done, detecting
when the CQI has decreased reflecting a lower modula-
tion rate which may lead to a lower downlink rate. When
the outcome of the check 1n step 7 1s YES, go to step 8.
When the outcome 1s NO, go to step 9.

8. A similar but reverse action as 1n step 4 shall be done,
causing an AGCH with decreased rate and a decreased
need of decoding resources.

9. In this step a similar investigation as 1n step 5 1s made.

The difference here 1s that a thuird threshold (thresh-
old_c) 1s less than the second threshold (threshold_b) 1n

order to reflect the situation when a sudden increase 1s
made in EUL data transmission, whilst the first and
second thresholds (threshold_a/threshold_b) retlect the
case when the main data flow 1s downlink. When the
outcome of the check 1n step 9 1s YES, go to step 10.

10. An increase 1s sent to HSDPA scheduler to increase the
scheduling priority to prioritize downlink traffic for the
corresponding user terminal (UE) 15.

FIG. 8 exemplifies the signalling between the Radio Net-
work Controller (RNC) 12,12',12", the Node-B (NB) 11,11",
11" and the user terminal (UE) 15 according to existing tech-
nology and the three embodiments illustrating that the
HSDPA scheduler sends and internal request to the EUL
scheduler. The precondition 1s that HSDPA and E

o)

~J]

EUL 1s active
at the Node-B and that quotient QQ indicate that no data 1s sent
neither in downlink or uplink.

1. In both prior art and the invention, RNC 12,12',12" sends
HS-DSCH data, including MAC-d data for user terminal
(UE) 15, to the Node-B (NB) 11,11',.11".

2. In both prior art and the invention, the Node-B (NB)
11.11'. 11" sends MAC-hs data on HS-SCCH and HS-
PDSCH. As default the HSDPA scheduler continuously
sends data rate information to the EUL scheduler and the

EUL scheduler sends data rate information to the

HSDPA scheduler, e.g. every TTI. In the invention, the
HSDPA scheduler and/or the EUL scheduler further cal-
culates QQ indicating that a download has started, and
sends an internal request to the EUL scheduler.

3. In both prior art and the invention, the user terminal (UE)
15 recerves MAC-hs data and deliver data to higher
layer. Higher layer 1n this example 1s first the RLC layer
followed by the TCP layer. TCP layer send a TCP-ACK
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to RLC which sends data to MAC-¢ layer. In prior art, the

\Iode B (NB) has no granted rate and therefore sends

E-DPCCH indicating lack of resources. Since this 1s not

made 1n the present mvention, which 1s actually the

scope of the present invention, this arrow 1s crossed over.

Instead, since user terminal (UE) 15 1n step 3 has a

granted rate of 32 kbps, user terminal (UE) 135 send data

on E-DPCCH/E-DPDCH.

4. Since there 1s a pre-allocation of UL resources, the
Node-B (NB) will wait for an E-DPCCH from the user
terminal (UE) 15 indicating lack of resources before
responding with an AGCH with a corresponding abso-
lute grant rate o1 32 kbps. (Note that AGCH content does
not include a kbps value, but can be converted to a kbps
value. Instead, the EUL scheduler in the Node-B (NB)
11,11'.11" pro-actively sends AGCH with a correspond-
ing absolute grant rate ol 32 kbps.

5. Finally, in both prior art and the present invention. The
\Tode B (NB) 11,11'11" receives data on E-DPCCH/

H-DPDCH

The six different embodiments described illustrate differ-
ent examples ol information interchange between the EUL
scheduler (EUL-S) and the HSDPA scheduler (HS-S). It
should be understood by a person skilled in the art that prob-
lems related to the fact that uplink decoding (HW) resources
sometimes takes time to allocate, can be mitigated 1n all s1x
embodiments described above. A comment to all embodi-
ments 1s that care must be taken when there exists a resource
contlict in the uplink, meaning that the main purpose for the
scheduler 1s to try to handle situations where the available
bandwidth 1s less than required. In such a scenario it 1s not
necessary that 1t 1s the correct way to pre-allocate resources as
proposed here. However, the 1deas can be usetul 1n the case
where a contlict does not occur.

It will be understood by those skilled 1n the art that average
UL and DL rate calculation can be made using various meth-
ods already known, e.g. different sliding window averaging
lengths, using different forgetting factors etc. Several calcu-
lating methods can also be used simultaneous. The present
invention 1s further not limited to the embodiments described
above and could be varied freely within the scope of the
appended claims.

The mvention claimed 1s:

1. Method for allocation and prlorlty handling of uplink
(UL) and downlink (DL)resources in a telecommunication
system comprising at least one radio network controller
(RNC), and at least one Node-B (NB) for enabling wireless
communication with at least one user terminal (UE), the
method comprising:

the RNC establishing at least one enhanced dedicated

transport channel (E -DCH) enabling uplink data tratffic
with a determined maximum data rate from the user
terminal (UE) to the Node-B (NB),

the RNC establishing at least one high speed DL shared

channel (HS-DSCH) enabling downlink data traffic with
a determined maximum data rate from the Node-B (NB)
to the user terminal (UE),

the Node-B (NB) comprising a HSDPA scheduler (HS-S)

scheduling the data rate for the DL data traific via the
HS-DSCH and an EUL scheduler (EUL-S) Scheduling
the maximum data rate for the UL data traffic via the
H-DCH,
the Node-B (NB) exchanging data rate information
between the HSDPA scheduler (HS-S) and the EUL
scheduler (EUL-S),
the Node-B (NB) monitoring a quotient (QQ) between DL
data rate and the UL data rate,
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the HSDPA scheduler (HS-S) or the EUL scheduler (EUL-

S) changing the allocation or the priority handling of the

UL and the DL resources at least partially based on a

comparison between the Q and a quotient Qold, Qold
being a previous calculation of the Q.

2. The method for allocation and priority handling accord-

ing to claim 1 wherein the DL data rate 1s calculated by using

Medium Access Control High Speed (IMAC-hs) data or For-
ward Access Channel (FACH) data, and the UL data rate 1s
calculated by using Medium Access Control Enhanced
(MAC-¢) data, a grant that has been given to the user terminal
(UE), or Dedicated Channel (DCH) data.

3. The method for allocation and priority handling accord-
ing to claim 1 wherein the calculation and the monitoring of
the quotient (Q) 1s performed by the HSDPA scheduler
(HS-S) or the EUL scheduler (EUL-S).

4. The method fi

for allocation and priority handling accord-
ing to claim 1, wherein the data rate information 1s exchanged
in every Transmit Time Interval (TTT).
5. The method for allocation and priority handling accord-
ing to claim 1, wherein Q) 1s based on data pending in the
Node-B (NB).
6. The method for allocation and priority handling accord-
ing to claim 1, wherein the change of the allocation or the
priority handling of the UL or the DL resources corresponds
to the HSDPA scheduler (HS-S) sending an internal request to
the EUL scheduler (EUL-S), to initiate the EUL scheduler
(EU. -S) allowance of changed maximum data rate for the UL
data traffic via the E-DCH, or
when Qold indicates that no data traific 1s floating either 1n
the HS-DSCH or the E-DCH. and Q indicates that DL
data traffic 1s starting to flow in the HS-DSCH, the
HSDPA scheduler (HS-S)sends an internal request to
the EUL scheduler (EUL-S) to mitiate the EUL sched-
uler allowance of UL data traflic via the E-DCH, or

when the quotient QQ divided by Qold 1S larger than a first
threshold value DL data traific 1s increasing and the
HSDPA scheduler (HS-S) sends an internal request to
the EUL scheduler (EUL-S)to inmitiate the EUL sched-
uler allowance of increased maximum data rate for the
UL data traffic via the E-DCH, or

when the quotient () divided by Qold 1s lower than a second
threshold value, 1t indicates that DL data traffic 1s
decreasing and the HSDPA scheduler (HS-S) sends an
internal request to the EUL scheduler (EUL-S), to 1ni1-
tiate the EUL scheduler allowance of decreased maxi-
mum data rate for the UL data traffic via the E-DCH or
allowance of lower priority within the EUL scheduler
for the user terminal (UE).

7. The method for allocation and priority handling accord-
ing to claim 6, wherein the EUL scheduler (EUL-S)allowance
of changed maximum data rate for the UL data traffic via the
E-DCH 1s performed by pre-allocating UL resources.

8. The method for allocation and priority handling accord-
ing to claim 6, wherein when (Q 1s based on data pending in the
Node-B (NB), either the HSDPA scheduler (HS-S) informs
the EUL scheduler (EUL-S) about which priority queues that
contain data and how much, based on which information the
EUL scheduler can pre-allocate UL decoding resources, or
the EUL scheduler (EUL-S) controls which priority queues
that contain data and how much, based on which information
the EUL scheduler can pre-allocate UL decoding resources.

9. The method for allocation and priority handling accord-
ing to claim 1, wherein when the quotient =) divided by Qold
1s lower than a third threshold value, 1t indicates that UL data
rate or the grant i1s increased and the HSDPA scheduler
(HS-S) increases the priority for the corresponding DL queue
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tor the user terminal (UE): and wherein when the quotient ()
divided by Qold 1s lower than a fourth threshold value, 1t

indicates that data rate or the grant for the user terminal (UE)

1s reduced and the HSDPA scheduler (HS-S)lowers or
removes priori~ within the HSDPA Scheduler for the DL

queue for the user terminal

(UE).

10. A Node-B comprising a mechanism for allocation and

priority handling of uplink (UL )and downlink (IDL) resources
in a telecommunication system comprising at least one radio

network controller (RNC),

and at least the Node-B (NB)

turther comprising a mechanism for enabling wireless com-
munication with a user terminal (UE), the RNC comprising a

mechanism for establishing
channel (E-DCH) enabling

an enhanced dedicated transport
uplink data tratfic with a deter-

mined maximum data rate from the user terminal (UE) to the
Node-B (NB), the RNC further comprising a mechanism for

establishing a high speed .
enabling downlink data tra:

DL shared channel (HS-DSCH)
fic with a determined maximum

data rate from the Node-B (NB) to the user terminal (UE), the

Node-B (NB) comprising:

an HSDPA scheduler (HS-S) comprising a mechanism for
scheduling the data rate for the DL data traific via the

HS-DSCH,

an EUL scheduler (EUL-S) comprising a mechanism for

scheduling the maximum data rate for the UL data traffic

via the E-DCH,

a mechanism for exchanging data rate information

between the HSDPA

scheduler (HS-S) and the EUL

scheduler (EUL-S), and
a mechamsm for monitoring a quotient (QQ) between DL

data rate and the U
scheduler (HS-S) or

[, data rate, wherein the HSDPA
the EUL scheduler (EUL-S) fur-

ther comprising a mechanism for changing the allo-
cation and/or the priority handling of the UL and/or
the DL resources, the changing being performed at
least partially based on a comparison between the ()
and a quotient Qold, Qold being a previous calcula-

tion of the Q.

11. The Node-B (NB) according to claim 10 wherein the
HSDPA scheduler (HS-S) and the EUL scheduler (EUL-S)

COmMprises:

a mechanism for calculating the DL data rate by using

Medium Access Control High Speed (MAC-hs) data or
Forward Access Channel (FACH) data,
a mechanism for calculating the UL data rate by using

Medium Access Contr

ol Enhanced (MAC-¢) data,

a grant that has been given to the user terminal (UE), or

Dedicated Channel (D

CH) data, and

amechanism for performing the monitoring of the quotient

Q).
12. The Node-B (NB) ac

Node-B (NB) comprises a

cording to claim 10, wherein the
mechanism: for exchanging the

data rate information 1n every Transmit Time Interval (T'T1).

13. The Node-B (NB) ac

cording to claim 10, the HSDPA

scheduler (HS-S) comprising
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a mechamism for sending an internal request to the EUL
scheduler (EUL-S) to mitiate the EUL scheduler allow-
ance ol changed maximum data rate for the UL data
traffic via the E-DCH, corresponding with the change of
the allocation or the priority handling of the UL and/or
the DL resources, and

a mechanism for informing the EUL scheduler (EUL-S)
about which priority queues that contain data and how
much, based on which information the EUL scheduler
can pre-allocate UL decoding resources, the informing
being performed when Q 1s based on data pending 1n the

14. The Node-B (NB)according to claim 13 wherein the
EUL scheduler (EUL-S) comprises a mechanism for control-
ling which priority queues contain data and how much, based

on which information the ]

T T
_1
_IU_

_ scheduler can pre- allocate UL

decoding resources, the controlling being performed when (O
1s based on data pending 1n the Node-B (NB).
15. A telecommunication system comprising:
a mechanism for allocation and priority handling of uplink
(UL)and downlink (DL) resources in the system,
a radio network controller (RNC), and
a Node-B (NB)comprising
a mechanism for enabling wireless communication with
a user terminal (UE), the RNC comprising
a mechanism for establishing an enhanced dedicated
transport channel (E-DCH) enabling uplink data

[,

trattic with a determined maximum data rate from

the user terminal (
a mechanism for estal

channel (HS-DSC.

UE) to the Node-B (NB)
vlishing a high speed DL shared

) enabling downlink data trai-

fic with a determined maximum data rate from the

Node-B (NB) to the user terminal (UE), the

Node-B (NB) comprising

a HSDPA scheduler (HS-S) comprising a mechanism
for scheduling the data rate for the DL data traffic
via the HS-DSCH and

an EUL scheduler (.

HUL-S) comprising a mechanism

for scheduling the maximum data rate for the UL
data traffic via the E-DCH,

the Node-B (NB) further comprising
a mechanism for exchanging data rate information
between the HSDPA scheduler (HS-S) and the EUL
scheduler (EUL-S),
a mechanism for monitoring the quotient a ((Q) between
DL data rate and the UL data rate, the HSDPA sched-
uler (HS-S) or the EUL scheduler (EUL-S) further

comprising

a mechanism for changing the allocation or the prior-
ity handling of the UL or the DL resources at least
partially based on a comparison between the (Q and
a quotient Qold, Qold being a previous calculation

of the Q.
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